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Objective

Demonstrate the utility of geophysical methods for characterizing

structure’ and monitoring processes? over field-relevant scales

Hypothesis?: Microbial processes

induce physical property changes

that can be detected using time-
lapse geophysical methods

Challenges:

e Unfavorable lithology
e Competing metabolic processes

e Non-unique signatures
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Assessing Vertical Heterogeneity: Borehole logging
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Assessing Vertical Heterogeneity: Borehole logging
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Borehole logging

possible gamma anomaly
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Sulfides: electro-active + surface charge
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Sulfides: electro-active + surface charge
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Sulfides: electro-active + surface charge
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Sulfides: electro-active + surface charge

@ Cation
O Anion
O FeS
R R T IR A
O
O
@) O
O
®co°7F
(M) o
O @ 0O

L\

()

Complex Resistivity (CR)

O
) &
S
(7]




Impact of FeS Precipitation on CR Signals

Phase Shift (mrad)

~20/o FeS

0.1 1 10
Frequency (Hz)

17 %

100




‘Field-Scale’” CR Monitoring at Old Rifle, CO
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‘Field-Scale’ CR Monitoring at Old Rifle, CO

+ - :
||=|—|¢ , Injection Baseline
I I

T - ¢ 1 Injection Post
1 1




Depth (m) Depth (m)

@ o H N O

Depth (m)

Surface CR Results: Identical Phase Scale
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Surface CR Results: Expanded Phase Scale
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Constraining CR Results

Fe2+ and HS vs. Time
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Constraining CR Results
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Constraining CR Results
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Constraining CR Results: Geomicrobiology
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Constraining CR Results: Geomicrobiology
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Self-Potential Monitoring

Self-Potential (SP): The generation of voltage potentials within earth
materials, which can be measured between electrodes located at
the surface or within boreholes.

Voltmeter + 1.10 V

0.76 V
Copper
(cathode) Salt bridge
50,2
Cu?* + 2 e~ Cu(s) +0.34 V Zn(s) —» Zn?* +2¢" + 0.76 V

Cu?* + Zn(s) —» Zn?* + Cu(s)



Borehole SP Monitoring: Conceptual Model
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Borehole SP Monitoring: Conceptual Model
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Borehole SP Monitoring: Conce

tual Model
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Borehole SP Monitoring: Conceptual Model

Galvanic Model:

Cathode
Cu2+
i C Cu®

V)
e

CuS
Anode
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Borehole SP Monitoring: Field Data

~2.5m downgradient
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Depth (m, bgs)

Borehole SP Monitoring: Field Data

~2.5m downgradient
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Depth (m, bgs)

Borehole SP Monitoring: Field Data

~2.5m downgradient SRB dominant...
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Borehole SP Monitoring: Field Data

Relevance to uranium removal...
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Borehole SP Monitoring: Field Data

Iron-reduction is dominant TEAP
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Borehole SP Monitoring: Field Data

Impact of location and TEAP-
dependent geochemistry...
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Field sampling and analysis:
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Linking Characterization and Monitoring: Heterogeneity
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Linking Characterization and Monitoring: Heterogeneity

Impact of heterogeneity on temporal
geophysical response...
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Linking Characterization and Monitoring: Heterogeneity

Impact of heterogeneity on temporal
geophysical response...
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